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Characters, Character States, and Taxa Used in Multivariate Analysis 


of the Pholadacea 


Introduction 


This publication contains the data used by Hoagland and Turner (1981) to 
analyse the relationships among various taxa and among various inherited 
characters of the superfamily Pholadacea. The analysis was to find similari- 
ties and differences among the taxa due to the wood-boring habit as well as to 
possible evolutionary relationships. Both wood-boring and rock/mud-boring 
taxa are included in the data set. Several numerical techniques were applied 
to the data, including phenetic (minimum—-spanning tree; principle components) 
and cladistic methods (search for unique and unreversed characters). The 
data set could not be included in Hoagland and Turner (1981) because of 
limitations of space. 


All recognized taxa for which morphological data were available were used 
(Table 1). Several taxa for which descriptions have not yet been published 
were omitted (Table 2). The data base was compiled from the published litera- 
ture, primarily from Turner (1954, 1955, 1956, 1962, 1965, 1966, 1969, 1971, 
1972a, 1972b, 1973, and in prep.), Turner and Johnson (1971), Purchon (1941) 
and Knudsen (1961), Other references are in Hoagland and Turner (1981), The 
only unpublished information that was used came from the monograph of the 
Xylophagainae in prepation by R.D. Turner. 


Characters were chosen by reviewing all the literature, eliminating 
characters that appeared redundant and those that could not be scored as 
binary or ordered, multistate characters (Table 3). For example, some quali- 
tative descriptions of shapes of various shell plates could not be scored. 


There is always some difficulty in ordering some of the multistate 
characters, such as morphology of the siphon. It was assumed that the degree 
of excurrent siphon formation in the Xylophaga could be ordered from an open 
groove to a groove with lappets to a fully-formed excurrent siphon. The 
mesoplax shape was arranged by increasing complexity, from a simple outline 
to a lobed and folded shape. The muscle scar configuration was ordered from 
smooth, to irregular and finally regular ridges of increasing complexity. 
Sculpture such as on the callum was ordered in the same way. Shell structures 
that were calcified were given a higher rank than those that were periostracal 
only. Insertion of siphonal retractors was assumed to have gone from a 
location on shell valves to siphonal plates before being located 
on the burrow lining, but these states may not have occured in a linear 
sequence. There are also risky assumptions behind the ordering of sperm trans- 
fer and brooding method, although the ordering chosen is logical mechanically. 
The literature on pholads includes further descriptions of shell plate shapes 
that were too variable and inexact for any attempt at ordering them as multi- 
state characters. 


There remained a difficult problem. Particularly, the homologies of 
some characters such as the accessary shell plates were difficult if not im- 


possible to assess. Is the "hypoplax'' of one genus the same structure as the 
"hypoplax" of another? It was decided to make this assumption, rather than to 
eliminate all such ambiguous characters. This decision preserves the capacity 
of the phenetic analysis to find potential functional relationships among 
similar taxa and among groups of character states, even if the similarities 
are due to convergence. The problem of non-homologous characters is serious 
if determination of phylogeny is the sole purpose of the study. 


Methods of preservation may have caused distortion of some specimens 
described in the literature, leading to errors in the data base. Species 
descriptions in the literature do not parallel one another in their treatment 
of potential taxon-specific characters, so missing data have created problems 
in numerical analysis. Also, there are some contradictions in morphological 
descriptions by the several original authors working on pholadaceans, 


Table 4 gives the character state assigned to each taxon. This publi- 
cation represents a first attempt to bring together morphological information 
for the Pholadacea. It highlights weaknesses in the data base as much as it 
allows synthesis. It is expected that this work will be revised to correct 
errors of omission and commission, and expanded to include ecological and 
life historical information, 


In Table 4, the character "9" represents no data, either because the 
character does not apply to a taxon or because no data were available. 
Dashes on pp. 45-51 are used to indicate that the taxon was not used in the 
analysis, due to complete lack of data. 
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TABLE 1 


OPERATIONAL TAXONOMIC UNITS (OTU's) 


Numbers to the left of the species names are OTU numbers for the compari- 
son of pholads and teredinids using shell and anatomical data. Numbers to 
the right of the species names, in parentheses, are OTU numbers for detailed 
anatomical comparison of the teredinids alone. Among the pholads, an asterisk 
indicates that the species is an obligate wood-borer. All teredinids are 
obligate wood, rhizome, or nut borers, with the possible exception of Kuphus 
polythalamta. Not all known species of Pholadacea were used in the multi- 
variate analysis because of lack of detailed information on morphology of 
some species. Table 2 lists the species omitted from the analysis. 


Pholadidae 
Pholadinae 
1. Barnea candida 31. Parapholas caltforntca 
2. B. parva 32, P. acuminata 
3. B. lamellosa 33. P. branchtata 
4, B. truncata 54, P. clava 
5. B. subtruncata 
6. Cyrtopleura costata Jouannetiinae 
7. C. lanceolata 
8. C. cructger 85. Jouannetta duchassatngt 
9. Pholas dactylus 36. J. pectinata 
10. P. campechiensts 37. J. qutllingt 
11, BR: ehtloensts 38, J. globosa 
12. Zirfaea crispata 39, J. cumingtit 
138. Z. pilsbryt 40, Netastomella darwintt 
14, Talona explanata 41. NW. japonica 
42. N. rostrata 
Martesiinae 
Xylophagainae 
15. Chaceta ovotdea 
16. Penttella ftteht *43, Xylophaga dorsalts 
Gee CONRAGAL *44, X. concava 
18. P. pentta 445, X. globosa 
19, P.. gabbt *46, X. erecta 
20. Pholadtdea loscombtana *47, X. mexicana 
21. P. melanura 448, X. lobata 
22. P. quadra *49, X, atlantica 
238. P. tubtfera *50. X. galatheae 
*24, Ltgnopholas clappt *51,. X. washingtona 
425. L. rivicola Aen MomQure ta 
*26. Martesta striata *53,. X. abyssorum 
Khe Me fLAGOLES *54, X. turnerae 
*28, M. cunetformis *55,. X. praestans 
29. Dtplothyra smitht *56. X. panamensts 
60. D. curta 7, Mo (ectelelus 


Xx 
Xx 
X 
nen bruni 
x 
Xx 
Xx 


Xylophaga dupltcata 
X. grevet 

. foltata 

. africana 


. wolfft 


. tubulata 

. obtusata 

. tndica 
Xylopholas altenat 
Xyloredo noot 


Pe MACeCILE 
. X. tngolfta 
. Xylophaga rikuzentca 


SM SUDDILECALA 
S78, ho URNS TS5 Ep) Il 
i744 ee hinEnere ms sspiey 2 
*75, X. murrayt 
SHOo Ko ‘MubeMeTe MB6 Sao 3} 
“Cs Key IWhsne iiS5 Gyo A 
SUS35 Me Ive IS, Epo 5 
Teredinidae 
Kuphinae 
79. Kuphus polythalamia (1) 
Teredininae 
80. Baetronophorus thoracttes (2) 


LORI 


. Neoteredo reynet (3) 
. Dteyathtfer mannt (4) 


Teredothyra domintcensts (5) 
T. excavata 


. I. matocotana (6) 


T. smttht 


. Teredora malleolus (7) 
. T. princesae (8) 


Pstloteredo healdi (9) 


. P. megotara (10) 
. P. senegalensts (11) 


Zachsta zenkewttseht (12) 
Uperotus clavus (13) 
U. panamensts 


. Lyrodus affints 
. L. btpartita 


massa (14) 
medtlobata (15) 
pedtcellatus (16) 
flortdanus 

L. takanoshtmensts (17) 


L. 
L. 
L. 
TiN 


102, Teredo aegypos 

103. T. bartscht 

104, T. clappt (18) 

HOS, WW, ywblaee (19) 

106. T. furetfera (20) 

107, T. johnsont 

108. T. mindanensts 

109. T. navalts (21) 

110. T. pocultfer (22) 

111. T. portoricensts 

112. T. renscht (may = T. clappt) 

113. T. somerst 

114, 7. trtangularts 
Bankiinae 

115. Nototeredo edax (23) 

116, N. knoxt (24) 

117, N. norvagica (25) 

118. Spathoteredo obtusa (26) 

LAs Seuspacna (27) 

120. Nausttora dryas 

121. N. dunlopet (28) 

122. N. fusticula (29) 

123. N. hedleyi (30) 

124, N. schnetdert 

125. N. saultt 

126. Bankta anechoensts 

1272 B. australztsu Gy) 

128. B. barthelowt 

129. B. btpalmulata 

130. B. btpennata 

131. B. brevts 

132. B. campanellata (32) 

133. B. cartnata 

134, B. cteba 

135. B. destructa 

136. B. fimbriatula 

157..B. fostert 

138. B. gouldt (33) 

139. B. gractlts 

140. B. martenst 

141, B. oreuttr 

142, B. philltpt 

143, B. rocht 

144, B. setacea (34) 

145. B. zetekt 

146. B. neatalta 


TABLE 2 


LIST OF VALID SPECIES OMITTED FROM MULTIVARIATE ANALYSIS 


Barnea 
alfredensts 
australastae 
btrmantea 
dtlatata 
fragtlis 
tnornata 
mantlensts 
obturamentum 
simtlts 


Pholas 
ortentalts 


Asptdopho las 
cheveyt 
obtecta 
yoshtmurat 


Teredo 
parkst 


Penttella 
turnerae 


Pholadtdea 
faurott 
kamokuensts 
sutert 


Parapholas 
quadrt zonata 


Xy Lophaga 
gutneensts 
japonica 
knudsent 
tomltnt 
teramachtt 


There are at least 20 taxa of Pholadacea which may be valid species in 
addition to those above and those discussed in this paper. Many are Xylophaga spp. 
(Turner, in prep.). 


TABLE 3 
LIST OF CHARACTERS AND CHARACTER STATES USED IN MULTIVARIATE ANALYSIS 


Numbers in parentheses represent the values given 
to each character state in numerical analysis* 


Shell Characters 


1. Shell size 
Highly reduced (0) 
Reduced, valves cannot cover visceral mass (1) 
Valves cover visceral mass only (2) 
Valves cover whole body (3) 
2. Shell sculpture, anterior portion; presence of denticulated ridges (0,1) 
3. Presence of radial ribs and concentric ridges (imbrications) (0,1) 
4, Beak truncated (0,1) 
5. Valves asymmetrical (0,1) 
6. Presence of a well-developed umbonal-ventral ridge and sulcus (0,1) 
7. Mesoplax 
Absent (0) 
Rudimentary (1) 
Present (2) 
8. Mesoplax division 
Not divided (0) 
Two pieces (1) 
A ventral portion (third piece) present (2) 
9. Mesoplax wrinkled (0,1) 
10. Mesoplax sculpture 
Smooth (0) 
Concentric ridges (1) 
Cuneiform ridges (2) 
11. Tube extending from mesoplax (0,1) 
12. Mesoplax shape ‘increasing complexity) 
Narrow, long (0) 
Triangular, transverse (1) 
Round or rectangular (2) 
Lobed (3) 
Semicircular, vertical (4) 
Ear-shaped (5) 
Longitudinally folded (6) 
13. Posterior muscle scar (increasing complexity) 
Smooth (0) 
Irregular, basically transverse ridges (1) 
Transverse ridges (2) 
Transverse to radiating depressions (3) 
Radiating depressions (4) 
Herring-bone marks (5) 
14. Siphonoplax 
Absent (0) 
One (1) 
Two (2) 


*Q9 = no data 


15. Siphonoplax calcareous (0,1) 

16. Tube-like siphonoplax (0,1) 

17. Siphonoplax sculpture 
Smooth (0) 

Pectinate (1) 
Spiny (2) 

18. Hypoplax present (0,1) 

19. Hypoplax divided posteriorly (0,1) 

20. Metaplax present (0,1) 

21. Metaplax divided posteriorly (0,1) 

22. Protoplax 
Absent (0) 

Periostracal (1) 
Calcareous (2) 

23. Protoplax divided (0,1) 

24. Pedal gape closed by callum in animals that have ceased boring 
Callum absent (0) 

Callum mostly periostracal (1) 
Callum calcareous (2) 

25. Callum sculpture 

Mottled (0) 

Growth lines (1) 

Flutes (2) 

Longitudinal ridges (3) 

26. Callum size 

Narrow band (0) 
Incomplete (1) 
Complete (2) 

Overlapping (3) 

27. Presence of siphonal plate (0,1) 

28. Presence of periostracal lamellae 
Absent (0) 

Posterior slope only (1) 
Covers more than posterior slope (2) 

29. Posterior periostracal lamellae divided (0,1) 

30. Apophyses present (0,1) 

31. Shape of apophyses 
Short, flattened distally, hollow proximally (0) 
Long, thin, solid (1) 

32. Ventral condyle 
Absent (0) 

Weak (1) 
Moderately well-developed; is reduced in adult (2) 
Highly developed (3) 

33. Dorsal condyle 
Absent (0) 

Modified umbo, weakly developed (1) 
Well-developed (2) 

34. Posterior shell sculpture, concentric 
Smooth, growth line only (0) 
Foliated concentric ridges (1) 

35. Posterior shell sculpture, other than concentric 
None (0) 

Ratjos} (aL) 
Ribs extended to form spines (2) 


36. 


346 
SK36 
Wo 
40. 


41. 


42. 


43. 


44, 


45. 
46. 
47. 


Pedal gape in species without a callum 

Absent (0) 

Sulsife (ib) 

Ovale@)) 
Posterior adductor muscle attached to special lamina (0,1) 
Posterior slope of shell enlarged as a flange (or auricle ) (0,1) 
Presence of pallets (0,1) 
Pallet constructed as a series of cones; growth by adding cone 

elements (0,1) 
If cone-type pallet, construction 

Short, fused, friable material (0) 

Elongate, fused cones (1) 

Fused in juvenile stage (2) 

Unfused cones (3) 
If solid pallet, construction (degree of division) 

Unsegmented, solid (0) 

Sheath and dagger (1) 

Weak ridge partially dividing the pallet (2) 

Cups within a cup at some stage in development (3) 
If pallet has cups within a cup, 

One (0) 

Two (1) 

Two as juvenile; thumbnail shape as adult (2) 
Pallet sculpture, if pallet is solid type 

None (0) 

Weakly developed radiating ribs (1) 

Well-developed radiating ribs (2) 
Pallet with periostracal cap in adult (0,1) 
Pallet with calcareous cap in adult (0,1) 
Periostracum on cone-type pallets 

Awns absent or poorly developed (0) 

Awns smooth (1) 

Awns fringed (2) 


Burrow Characters 


48, 


49. 


50. 


SEG 


Dore 


Burrow lined with calcium carbonate 
Absent (0) 
‘ematsg, (CL) 
Very thick (2) 
Burrow lined with heavy periostracum 
None (0) 
Regular periostracum (1) 
Membranous periostracum (2) 
Calcareous burrow lining: inside deposits 
None (0) 
Material at posterior (1) 
Regular rings (2) 
Calcareous burrow, material at posterior 
Concamerations (0) 
Posterior division (1) 
Posterior longitudinal ridges (2) 
Burrow filled with consolidated faecal pellets (0,1) 
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Siphon Characters 


53. Ratio of siphon widths 
Incurrent/Excurrent less than 1 (0) 
Incurrent/Excurrent about equal to 1 (1) 
Incurrent/Excurrent greater than 1 (2) 

54. Ratio of siphon lengths 
Incurrent/Excurrent less than 1 (0) 
Incurrent/Excurrent about equal to 1 (1) 
Incurrent/Excurrent greater than 1 (2) 

55. Excurrent siphon morphology 
Absent (0) 

Partial groove (1) 

Complete groove, smooth lappets (2) 
Groove with fringed lappets (3) 
Siphon complete, short (4) 

Siphon complete, long (5) 

56. Incurrent siphon length 
Short (0) 

Long (1) 

57. Papillae on incurrent siphon 
Absent (0) 

Short, simple (1) 
Elaborate (2) 

58. Papillae on excurrent siphon (increasing complexity and specialization) 
Absent (0) 

Short, simple (1) 
Elaborate (2) 
Clump to one side (3) 

59. Siphons united 
Siphons separate (0) 

Siphons 1/2 to 3/4 united (1) 
Siphons united except at tip (2) 

60. Material imbedded in siphon tissue 
None (0) 

Chitinous (1) 
Calcareous (2) 


General Anatomical Characters 


61. Dorsal lappets just anterior to siphons 
Absent (0) 
Tubercles (1) 
Present, large (2) 
62. Visceral ganglion 
Normal bivalve position, surface of posterior adductor muscle (0) 
Posterior, end of pericardium (1) 
63. Muscular collar posterior to shell (0,1) 
64. Size of posterior adductor muscle 
Small, about equal to anterior adductor muscle (0) 
Larger than anterior adductor muscle (1) 
Very large,shell modified in area of attachment (2) 


ILL 


65. 


66. 


67. 


68. 


69. 
70. 


Tako 


Vex 


HSN 


74. 
eye 
76. 
Tile 


78. 
UI 
80. 


81. 


O25 


83. 


Shape of posterior adductor muscle 
Round (0) 
Oval, elongate (1) 
Irregular (2) 
Relative position of posterior and anterior adductor muscle 
Far apart (0) 
Close together, visceral mass extends in a loop beyond posterior 
adductor muscle (1) 
Insertion of siphonal retractors 
On shell valves (0) 
On siphonal plates (1) 
On burrow lining (2) 
Ctenidia length 
Short (0) 
Long (1) 
Number of demibranchs, gill (1,2) 
Stomach size (relative to body size) 
Small (0) 
Medium (1) 
Large (2) 
Size of labial palps 
Small, attached (0) 
Large, free at ends (1) 
Products of boring enter gut (0,1) 
Wood-storing caecum 
Absent (0) 
Small (1) 
Medium (2) 
Large, gonads dorsal to it (3) 
Extended excurrent and/or incurrent canals (0,1) 
Intestine traverses heart (0,1) 
Large crystalline style (0,1) 
Gill position 
Before posterior adductor muscle (0) 
Beyond posterior adductor muscle (1) 
Presence of accessory genital organ (0,1) 
Presence of vesteula seminalts (0,1) 
Type of sperm transfer 
Free-spawning; fertilization external (0) 
Female sucks in sperm (1) 
Pseudocopulation (2) 
Developmental type 
Oviparity (0) 
Larviparity (1) 
If larviparous, 
Short-term brooding (0) 
Long-term brooding (1) 
If larviparous, brooding method (increasing internalization) 
In burrow, on back of shell (0) 
At base of siphons (1) 
In mantle cavity (2) 
In gills (3) 


eZ 


84. Sex 
Protandrous (0) 
Dwarf male (1) 


Ecological Characters 


85. Burrows in rock (0,1) 
86. Burrows in mud, clay, peat (0,1) 
87. Burrows in nuts, seeds, husks, jute (0,1) 
88. Burrows in wood (0,1) 
89. Burrows in living roots (0,1) 
90. Burrow length 
Short (0) 
Long (1) 
91. Lives in full ocean salinity C250) (0,1) 


Detailed Anatomical Characters, Reduced Species Set (Teredinids) 


94, Heart size/body size (ratio) 
<.2 (0) 

63 2 65) (Gl) 
69 S 69 (2) 

95. Size of ventricular bulb 
Short (0) 

Long (1) 

96. Heart position 
Anterior (0) 

Median (1) 
Posterior (2) 

97. Pigmentation of auricles 
Not pigmented (0) 
Lightly pigmented (1) 
Heavily pigmented (2) 

98. Mantle thickness 
Thin (0) 

Thick (1) 
Very thick (2) 

99, Ratio of gill length/body length 
Snore, CO «ZB (O)) 
Medium, .3 - .5 (1) 
Lome, 69 2 6 C2) 
Almost the length of the animal, .8 - .9 (3) 

100. Shape of stomach 
Globular (0) 
Intermediate (1) 
Elongate (2) 

101. Position of stomach 
Posterior (0) 
Anterior (1) 

102. Esophagus long (0,1) 
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103. Ratio of visceral mass to body length 


< .2 (0) 
68} 2 62) ()) 
56 = 99) (2%) 


104. Kidney surrounds intestine (0,1) 
105. Anal canal 
Absent (0) 
Open (1) 
Closed (2) 
106. Anal papillae (0,1) 
107. Intestine travels down anal canal (0,1) 
108. Length of intestine 
Short (0) 
Moderately long (1) 
Very long (2) 
Many extra coils (3) 
109. Intestine loops over style sac (0,1) 
110. Production of faecal pellets (0,1) 
111. Gill with anterior portion (0,1) 
112. Gill width 
Blade-like, narrow (0) 
Broad and flat (1) 
113. Branchial food groove well-developed, (0,1) 
114. Pallets flexible (0s1) 
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